Summary. Boar spermatozoa were preincubated for various times in the isolated uterus and oviduct from a maturing gilt and used to inseminate zona-free hamster eggs. The proportions of eggs penetrated and activated were increased, and the interval between insemination and sperm penetration was shortened when the spermatozoa were preincubated for 4\p=n-\5\m=.\5h instead of 2\p=n-\3\m=.\5h. Overall penetration rates were higher and sperm penetration occurred about 1 h earlier when the eggs were inseminated with spermatozoa preincubated in the uterus than in the oviduct. It is concluded that the change in ability of boar spermatozoa to penetrate zona-free hamster eggs is due to capacitation which requires 4\p=n-\4\m=.\5h and 5\p=n-\5\m=.\5h of preincubation in the isolated uterus and oviduct, respectively.
Introduction
From studies on the penetration of zona-free hamster eggs by spermatozoa of the guinea-pig (Yanagimachi, 1972) , mouse (Hanada & Chang, 1972) , rat (Hanada & Chang, 1976) and man (Yanagimachi, Yanagimachi & Rogers, 1976) , it has been postulated that the incorporation of zona-free hamster eggs with foreign spermatozoa may be the result of sperm capacitation. In a previous study we observed that boar spermatozoa preincubated in the pig reproductive tract for several hours could penetrate zona-free hamster eggs (Imai, Niwa & Iritani, 1977) and pig follicular oocytes matured in vitro (Iritani, Niwa & Imai, 1978) . These results indicate that the changes occurring in boar spermatozoa during preincubation in the isolated pig reproductive tract may be concomitant with sperm capacitation. Since there is little quantitative analysis of the fertilizing ability of boar spermatozoa, this paper reports a series of experiments with zonafree hamster eggs on the time requirement for capacitation of boar spermatozoa.
Materials and Methods
The medium used for manipulation of gametes was a modified Krebs-Ringer bicarbonate (KRB) solution, exactly as used in our previous study (Imai et al, 1977) . Whole semen collected from a fertile Landrace or Hampshire boar was filtered through double gauze for removal of gel particles. Spermatozoa were washed twice by centrifugation for 10 min at 500 g and resuspended in 2-4 ml of the medium to give a concentration of 2-10 IO8 spermatozoa/ml. About 0· 1 ml of the sperm suspension was diluted again in 2 ml medium and preincubated at 37°C for 4-5 h in a C02 incubator (5% C02 in air). Each of another two portions of the sperm suspension was introduced into a uterine horn (0-2-0-3 ml) and/or oviduct (0-01-0-03 ml) that had been removed from gilts immediately after slaughter. Gilts weighing about 80-100 kg and considered to be prepubertal were used because zona-free hamster eggs are more easily penetrated by boar spermatozoa preincubated in the reproductive tracts of maturing gilts than in those of oestrous sows (Imai et al, 1977) . After [14] [15] [16] h after the hCG injection. The eggs in cumulus clots were recovered from the ampullary portion of the oviducts and treated for 1-15 min in medium containing 0-1% bovine testicular hyaluronidase (Sigma Chemical Co.). The eggs were then treated with 0-1% bovine pancreatic trypsin (BoehringerMannheim Co.) for 2-3 min to dissolve the zona pellucida. The zona-free eggs were washed twice with the KRB medium containing bovine serum albumin and introduced into 0-4 ml KRB medium covered with paraffin oil.
The eggs were mounted in toto, fixed, stained with lacmoid (Chang, 1952) 1-7 h after insemination with boar spermatozoa and examined for the evidence of sperm penetration under a phase-contrast microscope. The eggs which had an enlarged sperm head(s) or male pronucleus(ei) with the corresponding sperm tail(s) in the vitellus were considered to be penetrated. The number of activated eggs which had resumed the second maturation division at various stages after sperm penetration was also recorded.
Results
When zona-free hamster eggs were inseminated with boar spermatozoa preincubated in a modified KRB solution for 4-5 h, spermatozoa quickly attached to the surface of the vitelline membrane, but none of 403 eggs examined 1-7 h after insemination was penetrated.
As shown in Table 1 , when boar spermatozoa were preincubated in the uterus or oviduct from a maturing gilt, the interval between insemination and sperm penetration into the zona-free hamster eggs was progressively reduced with increasing duration of preincubation. Overall penetration rates were greatly reduced when boar spermatozoa were preincubated in the uterus and oviduct for less than 4 h. Overall penetration rates were also less when the eggs were inseminated with spermatozoa preincubated in the oviduct than with those from the uterus. Sperm penetration occurred about 1 h earlier when the eggs were inseminated with spermatozoa preincubated in the uterus than in the oviduct.
Two kinds of morphological changes in the sperm head were observed during enlargement after penetration; the first was the 'twisted' or 'waisted' appearance as reported by Hunter & Dziuk (1968) and Hunter (1976) , and the second was general enlargement. Most of the enlarged sperm heads with a 'waisted' appearance, but not those generally enlarged, were transformed into a pronucleus. When the eggs were inseminated with spermatozoa preincubated for 4-4-5 h in the uterus, transformation of the enlarged sperm head into the male pronucleus was observed in a high proportion of eggs penetrated and the proportions increased as the time after insemination progressed. Penetrated eggs with a male pronucleus were fewer when spermatozoa were preincubated in the oviduct than in the uterus and when preincubated for 2-3-5 h than for 4-4-5 h. The number of eggs activated to early anaphase of the second meiotic division or extrusion of the second polar body was higher in the eggs penetrated with spermatozoa pre¬ incubated in the uterus or oviduct for 4-4-5 h than for 2-3-5 h. (70) * The first figure denotes the number of eggs with an enlarged sperm head and the second denotes the number of eggs with a male pronucleus.
The motility of the spermatozoa was extremely poor when recovered from the reproductive tracts, but always improved after washing. However, it was inferior to that of spermatozoa preincubated in a KRB solution and was always better for spermatozoa preincubated in the uterus than in the oviduct. The motility of spermatozoa during incubation with zona-free hamster eggs was well maintained when preincubated in the uterus, but it was weakened with increasing time of incubation with eggs when they were preincubated in the modified KRB solution or in the oviduct.
To determine whether zona-free hamster eggs penetrated with boar spermatozoa could cleave after a longer time of culture, eggs inseminated with spermatozoa preincubated in the uterus for 4-5 h were examined 24 h after insemination. None of 11 eggs examined had cleaved but two or more pronuclei which had a large number of nucleoli were observed. However, there were no signs of the penetrating sperm tail or the second polar body in any of the eggs examined.
Discussion
In a previous study on penetration of zona-free hamster eggs in vitro by ejaculated boar spermatozoa, there were wide variations in the duration (4-10 h) of sperm preincubation in the pig reproductive tract and in the concentration (0-01-11-1 106/ml) of spermatozoa used for insemination (Imai et al, 1977) . From the results of the present study carried out with a more limited duration of preincubation time and sperm concentration (0-2-3-7 IO6 sperma¬ tozoa/ml) at insemination, it is quite clear that boar spermatozoa can acquire an ability to penetrate zona-free hamster eggs during preincubation ih the reproductive tract isolated from a maturing gilt and that this change in ability is progressively completed with increasing duration of sperm preincubation up to 5-5-5 h. Since it is known that boar spermatozoa are capacitated while passing through the female tract in vivo (Hunter & Hall, 1974a, b) , and that they penetrate in vitro pig oocytes matured in culture when they are preincubated in the isolated female tract for 4-5-5 h (Iritani et al, 1978) , it is concluded that the change of boar spermatozoa to penetrate zona-free hamster eggs must be concomitant with their capacitation. The results of this study also suggest that a modified KRB solution does not have the ability to induce capacitation of boar spermatozoa, although one zona-free hamster egg (2%) was penetrated with boar spermatozoa preincubated in a modified KRB solution in the previous study (Imai et al, 1977) .
It has been reported that a population of capacitated spermatozoa first becomes available in the oviduct of oestrous pigs within 2-3 h of semen deposition by mating or artificial insemination (Hunter & Dziuk, 1968; Hunter, 1972) . In the present study overall penetration rates were very low when zona-free hamster eggs were inseminated with boar spermatozoa preincubated for less than 4 h in the uterus and oviduct isolated from a maturing gilt. This discrepancy may be due to the difference of physiological conditions of the female tract in which the spermatozoa were deposited, especially since overall penetration rates were better and sperm penetration occurred about 1 h earlier when spermatozoa preincubated in the uterus were used. Furthermore, the deposition of too many spermatozoa (2-30 IO6) in the limited environment of the oviduct might have resulted in a lower ability to capacitate the spermatozoa preincubated there.
In the previous study the proportion of penetrated eggs with a male pronucleus was very low when zona-free hamster eggs were inseminated with boar spermatozoa preincubated in the uterus (5/19 = 26%) and oviduct (0/15 = 0%) of a maturing gilt (Imai et al, 1977) , and our present results, especially those with spermatozoa preincubated for 2-3-5 h in the uterus or oviduct, are similar, although increasing with time after insemination. Some of this work was supported by a grant from Ford Foundation (No. 7400404).
